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Abstract

According to the rapid development of the electric and electronic
industry, the interests in the EMI (Electromagnetic Interference) / EMS
(Electromagnetic ~ Susceptibility) are  gradually increasing as
electromagnetic environment problems.

Recently, to solve the problem on mal-functions of digital
equipments with high clock frequency, which are operated in low
power and wide frequency band. In addition, the international
regulations e.q., IEC, CISPR, FCC, ITU-T, etc. for the EMI/EMC have
suggested. Therefore, it is necessary to perform countermeasure for
EMI/EMC satisfying the international regulations.

A PCB may act as an antenna to radiate RF energy through free
space or couple through a cable interconnect. Because PCBs can
be major source that produce radiated emission. It has been proved
and verified that due to high speed clock and pulsed data signals,
currents of these signals in PCBs can produce strong coducted
emission and radiated emission in a wide scope of frequency. So
most PCBs act as an unintentional radiator and are regulated by
international EMC requirements unless design requirements include it
as being a transmitter.

To minimize the effects of an unwanted antenna existing in a
PCB, EMC design and suppression techniques are required. These
include establishing a good ground system in the layout in addition
to the use of a Faraday cage (to contain RF emission). RF filters
also reduce unwanted RF signals with minimal effects on the desired
data, as long as the filter is properly chosen for its intended
function. In this thesis, EMI suppression techniques for radiated
emissions from PCB trace, source suppression using 2-capacitor
Low Pass Filters is adopted.



Firstly, the RF energy from a simple 2 mm X 50 mm micro-strip
transmission line was measured by using HITACHI company
EMV-200. This tester using a magnetic near field prove shows a
spatial distribution of electromagnetic noise on a PCB or an IC .
From the transmission line with input 10 dBm signal of 100, 300,
500, 1000 MHz. A radiation was observed 59 ~ 76 dBuV as a
maximum value.

Then, it was simulated using ADS and found optimal design using
2-capacitor. According by the experimental results, it has been
clearly proved that the radiated emission from PCB is reduced 4.8 ~
13.2 dB by using 2 capacitors.



Nomenclature

Magnetic Flux Density Vector

Electric Flux Density Vector
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Magnetic Field Vector
Current

Mutual Inductance
Resistance

Loop Area

Voltage

Attenuation Constant
Phase Constant

Light velocity
Permittivity
Permittivity of Vacuum
Resonant Frequency
Propagation Constant

Wavelength
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4. Electric field
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] / Field or flux line
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3.3 Two—Capacitor Low Pass Filter

2 A2 capacitorE AT oA HAEMze) A v 1934 o Fe e}
Hth PCBolA A& 2ep= Abolo] abe] capacitorg Wolso=E4 A
4 L3 ¥d C2 749 Adetd d&d#< Low Pass Filter 7} ¥ dwkz]o
2 PCB9 Low-speed I/O A 29 ¢ RadiationS E3I5F LT3 wo|=2E
oA A sh=tHl o]¥l capacitorg °©]&3% FH+= 4 W MHzelA &34 <l

542 AAE & g

|

Rs=Zo Li=M Lz—M

—W\,_c YY Y YY) O

M
+ RL=Z¢
() Vs Port 1 py Port 2

C

A | a

@, )

1% 3.4 Low Pass Filter 5713 &

Figure 3.4 Equivalent circuit of a low-pass filter.
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4.1 Radiation SA3A|2H (EMV-200)
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Figure 4.1 Test PCB board.
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Figure 4.2 EMI tester (EMV-200).
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Figure 4.4 Measured Method.
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18 4.5 30MHz o A]¢] Radiation =73
Figure 4.5 Measurement of Radiation at 30 MHz.

18 4.6 30MHz oA ¢] Radiation 3D —r&f
Figure 4.6 3D Radiation graphic at 30 MHz.
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T T i T T T T T T T T |
100 110 120 130 140 150 180 170 180 180 200

X—AXIS (mm)

% 4.7 100 MHz °lA4¢] Radiation 5%
Figure 4.7 Measurement of Radiation at 100 MHz.

(dBuV)

1% 4.8 100 MHz oA ¢ Radiation 3D 12|
Figure 4.8 3D Radiation graphic at 100 MHz.
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2% 4.9 300 MHz °ll4] 2] Radiation &%
Figure 4.9 Measurement of Radiation at 300 MHz.
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19 4.10 300 MHz °l A9 Radiation 3D Zzj¥
Figure 4.10 3D Radiation graphic at 300 MHz.
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19 4.11 500 MHz ol 41 ¢] Radiation &7
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19 4.12 500 MHz °l 49 Radiation 3D Zzj&
Figure 4.12 3D Radiation graphic at 500 MHz.
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19 4.13 1000 MHz °ll 4] Radiation &%
Figure 4.13 Measurement of Radiation at 1000 MHz.
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9 4.14 1000 MHz oA ¢ Radiation 3D 2|3
Figure 4.14 3D Radiation graphic at 1000 MHz.



4.3 1-Capacitorg ©]-&3% Radiation A7 &3

oA ZA e 7+ Fulpdido|Ae] Radiation ¥ reference® il ADSZ
A Egold ste] AAS AT Iz o® PCB 7)ol 4] Radiation #lAl Ak
43} capacitor 22 pF, 100 pF, 220 pF, 1000 pF FolA FAF35E 4
(4-4)0]aL

f.=14rJI, - C (4-4)

ghelo] ok JAYE A ghe BaA JdoermE, FUHE Fol7] 98 Cakol &2
100 pFE ol 7l E9S we] Radiaions At WA 174,152
100 MHzdlA] capacitor gH7iRES AX S wjo] SGAojth. a2doA 2 &
250l capacitor’t gl 79l H]aLd]A Radiation #Hdjgke] g 6dB 4

3 AL & 7 Jdom IFldA Bxo] MA4 o =% Radiationde] =]

it bt A
ofk

L B I e e A B e e e ——
100 110 120 130 14D 150 160 170 180 180 200
X—=AXIS (mm)

1% 4.15 100 MHzol A 170¢] capacitor® €92 3+ Radiation
Figure 4.15 Radiation of connecting 1 Capacitor at 100 MHz.
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Y-AXIS (mm)
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T T i T T T T T T T T |
100 110 120 130 140 150 180 170 180 180 200

X—AXIS (mm)

% 4,16 300 MHzol A 1709 capacitorS $12 3 Radiation
Figure 4.16 Radiation of connecting 1 Capacitor at 300 MHz.
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% 4,17 500 MHzoll A 1709 capacitor® ¢92 3 Radiation
Figure 4.17 Radiation of connecting 1 Capacitor at 500 MHz.
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a3 4,18 1000 MHzoll A 1709 capacitor® ¢332 3 Radiation
Figure 4.18 Radiation of connecting 1 Capacitor at 1000
MHz.
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4.4 1-Capacitor®] FHHH X9 o} & Rdiation AZ =3

9 4.19 ~ 4.22% capacitor?] YAE AFA U 2mmeol FHF-5F S u)
T3+ 100, 300, 500, 1000 MHz oA ] A3} grelth. 18jar S A% 4.24
N SAHg A3 19 4.15 ~ 4.18¥ H]us] B 100 MHzoll A HHgt2 0.8
dB S7FstSitt. dAI%F 300 MHz oA 60.2 dBuVlX 57 dBuV= 3.2 dB
=9, 500 MHz oA+ 3 dB, 1000 MHz °l4+& 2.1 dB #4383 12

i Radiation®] WA= ol AL woz &l & 4 Utk
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18 4.19 100 MHzoll A 2mm A& el capacitors & 4%
Figure 4.19 Capacitor from 2mm distance at 100 MHz.
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1% 4.20 300 MHzolA] 2mm 7] 2]9l capacitor® & 7%
Figure 4.20 Capacitor from 2mm distance at 300 MHz.
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19 4.21 500 MHzol A 2mm Aglol| capacitor® & 74
Figure 4.21 Capacitor from 2mm distance at 500 MHz.
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28 4.22 1000 MHzo A 2mm 718]9l capacitor® & 7%
Figure 4.22 Capacitor from 2mm distance at 1000 MHz.
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4.5 2-Capacitorg ©]-8-3§ Radiation A7 &3

19 4.23 ~ 4.262 ADSE A|E#oldom AAG & A Azste] g
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o A5k vasfA 0.1 dB #Askglen, 1§ 4.249 300 MHz ol Al+= 54.5
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7B9-¢F masiA 2.5 dB astith 19 4.259] 500 MHz oA+ 242k 11.9
dB, 2.1 dB #t&3kelen, 1000 MHzel A= 13.2 dB, 1.9 dB #Asiqlch. ¥
o] gES Hd @k v vlalelw, adS vusiA BY O A 3s
gol g 4 . SHANE ¥ AME-3E Capacitor?] SRFE(Self Resonant
Frequency) 54 witel AlE#old Aot 400 MHz o]l F-FolAl *}o]
wom 1 5A8A%%E 400 MHz BEdA 7P £2 A7 5A4& B3loH, 1
o Fe A= Abol7t 28lE] 2w FOlEJUT o Fitel EiAE XTI
=2 FNHAIEE AFEshd 400 MHz ool tlgde M= £& 543 wolgd
of ¥t

Y-AXIS (mm)

T T T T T T T T T T T T T T T T T T T T T 1
100 110 120 130 14D 150 160 170 180 180 200
X—=AXIS (mm)

a3 4.23 100 MHzol A 2701¢] capacitor® €92 3k Radiation
Figure 4.23 Radiation of connecting 2 Capacitor at 100 MHz.
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(dBuV)

T T g T T T T T T T T 1
100 110 120 130 140 150 180 170 180 180 200
X—AXIS (mm)

a2 4.24 300 MHzol A 270¢] capacitor® €92 3k Radiation
Figure 4.24 Radiation of connecting 2 Capacitor at 300 MHz.
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a2 4.25 500 MHzol A 270¢] capacitor® €92 3k Radiation
Figure 4.25 Radiation of connecting 2 Capacitor at 500 MHz.
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a3 4.26 1000 MHzoll A 2709 capacitor= ¢332 3 Radiation
Figure 4.26 Radiation of connecting 2 Capacitor at 1000.

MHz.

2h7ke) Aujgrol taIM = Fa1o) LERISLE.

¥4.1 F950 w2 Radiation gk vl
Table 4.1 Comparing Maximum Radiation at each Frequency.

(&) dBuV)

100 MHz | 300 MHz | 500 MHz | 1000 MHz
reference 59 66.5 71.5 77
1 capacitor 54 60.2 64.8 67.8
1 capacitor
54.3 57 61.8 65.7
(2mm)
2 capacitor 54.2 54.5 59.7 63.8

_40_



As5%F 2 &

Hol 1n&ste IC Y mfolARZ 2 AN E o]z gk EMC ZAld 5]
E sforstty. 115 YAd" PCBA Noise Sourcei= Trace Signal?t Power
noisezt & = glow o]2d PCB 7]dolA TAst= EMIE Al7sH7] flsiA
HBAFE AF7hA] AEHAQD Ay A2 @S AFH 7IHEe] ATE
=3

PCB 713 M2 T2l E 60%°]7do] EMI Radiation «A %, PCBel
9loj A Radiatione A AseF 3t} o]# 3t Radiations A ZAIZ17] 93l
Radiation®] #o] dojuvbe= Z2ZAAY FF7] Fioe AHE Al7IARE AE
A webd &5 4§ 30 MHz o]dellA= PCB 7182 &kshA] 2 <tHu
7F ®oh 284 o]8]dk RadiationS &°]7] YA o8 7HA] W EC] =
B =R A& 2-Capacitor® ©]&3F Source Suppression B ZEHHES dFo
=24 EMI Radiation *7F3}3it}.

WA dut# el PCB 7]3e| 100, 300, 500, 1000 MHz 10 dBm ¢ A&
A7Fste, WAEE Radiations £ =wolA 54 GHZ A& EMV-2002
2 Radiation® 743}, Referencez #i T A} 59 ~ 76 dBuV 9
Radiation®] @AJal%it}. Z12]ar 100 pE Capacitor 1715 A8t 54313 aL
O ANAE A2 2mm Tl FAS W 47Fe] Fukael is) g 3 dB
AL 9 Ndse= AES BT,

w3k ADSE 2-Capacitor®] 4 1+2 B ks gste] AA A%, 543
7 100 MHz®9] 749 FHdgko]l 54.2 dBuV = reference®}t H]uLEfA 4.8 dB A
A= e, 2mm AglolA Capacitors 17] & A%< v]asdlAq 0.1 dB #4
3tlTt. 300 MHz oA+ 54.5 dBuV=E reference © Bl3|A 12 dBZF4:, 2mm
A el A Capacitors 171 & A9 wlwsiA 2.5 dB #4skqdth. 500 MHz
ol = reference$} H| 11.9 dB, 1-Capacitor®} H|XL 2.1 dB #4350,
1000 MHzell A= 13.2 dB, 1.9 dB #Ag 31& glskleh. 18lal o] gES
FHo gkuke] wlaelw, 79 wlwElA] HW Radiation®] A E wom 2
o 4 Utk

o] 714 1-Capacitor ¢ ¥l S v 300 MHz HolAd 73
7HA =H o] AL 2-Capacitors AM&3to 2K Capacitor 2H2He] o]
So1 2774 o] 300 MHzoll Al WA th7} thA] F7Fkstr] Al Abstr] wiitol So 5
o] 7k =& 300 MHz A oA Radiation A7+ EA 9A] ZFopxtl. 1A
7F =2 2AE ARESte] ST ae tig s S7HAIRINE, 500 MHz

it

‘_.

A
o r

Hr

o,

flo

E
=

ol oy

o

==

ox 2 lo

m

o
=
N
k=)
4 o

_41_



ool M T £ 5ol U slojg} odE.
AA Azglell QlojAl 7] AA dAFH PCBE stuhe] <telY
T A S o] ™3t Capacitord A& 59
A AAE & Fa7F vk 2gal PCBE AAl & Foll = Zh7he
= 2}A] Radiationo] Aoz floA A}
g SAWHE F3) 1 Radiations Z743tal, 2-Capacitorg ©]-&3te] 747}

oH PCBeoll slojAl Ald Asl, F71+

2ol
lo
N
o
a
o
1 »
fu
=
R
lo
2o
N
=
=

g

_42_



(1] =Fshd, A<, 2, Ay, “PCB AAAAe] HAMd EMIY S
=47 = daatets], dAxpvhrle, Al149, Al1E, 2003,

(2] WVAZ, A3 (EMC) 243°3F p.114, pp.209-209, 2003.

[3] Fang Han, Linchang Zhang, "Radiation characteristics of
Transmission Line in PCBs," IEEE 1995 International
Symposium on Electromagnetic Compatibility.

(41  #A7A, Hsd, H=E, BsH, od¥, IAIFIFFFEY,
pp.237-240, WAL, 2001.

[5] 743, “Consideration EMC of Semiconductor", EMC Korea'99
gkt A2k obets], EMI/EMC 714 €13+, 1999.

[6] Theodore M. Zeeff, Todd H, Hubing, Thomas P. Van Doren,
David Pommerenke, "Analysis of Simple Two-Capacitor
Low-Pass Filters," IEEE Tranctions on Electromagnetic
Compatibility, Vol.45, No.4, Nov. 2003.

[7] Mark I. Montrose, EMC and the Printed Circuit Board Design,
Theory, and Layout Made Simple, pp.14-61, pp.125-157, IEEE
Press, 1998.

[8] Mark I. Montrose, "EMI and the PCB Fundamental Concept and
Design Techniques", EMC Korea'99 %F=dx=}3}8+3] EMI/EMC 7|
= 9134, 1999.

(9] dHeh=duAl AXds] o, 7/=&2/9, pp.d463-467, WAL=,
1993.

[10] Mark 1. Montrose, Printed Circuit Board Design Techniques for
EMC compliance, pp.4-5, pp.46-47, 1996.

[11] Btol4d, o]F<, “PCB A&olA HAE = Eodx9E A7) 9
gk 7)%”, A AEs] =i, A1, A7, 2000.

_48_



SRC

A Je N3 AR 69 VA RS 2Fo2 AH'D FoYA
AAN ShZA FA9, A W 4RS Noge] 2P AL opiAHNY FFA
9, 95 ¢ A% PAAL 5P A3 A5 3359 AF A2 ol

Zo 54 234 A5 m»‘»u 28 399 295 292 32 By

4 Ay 292 owwx Pt

29, 038 2549, 1 1349, 299 25
83 o slojazs AYANN ALY 5 YEF s S
4 AHR AR B Bophd GER AU A bl FE 430 3
EOEREER Amﬁol LI DR w Holoeqn Vg A3
A5 =ele B3 AT PSB 4dS FAY 283 AN 2350 o}
N2 9% 950 KBS 952 1A 49 o3 AP,

B3 2% 5% %S ARE W 349 A2 9329 W7o

b o9 ¥F % AEES 25D HIF A, W A349 22 9
38 297 $4309 39D DA E s,
PPN RS e 5 YE E 9T AvY Y= Q3 A4F oA
3950 @ol d5dch S I38 HASE Fedold, P ¥ A 2 A
AFA wlas) goblr FYoY 223 YD YHE Y b9z A
F Eo1d, 2PN 195 o) 23 2Y 3o 2Y, AW, A3,
3 2% 52 99 o2 we] 293 A% 2793 $7 289 3o\ o
P AP HAAAE ¥ 4G ADF 249, T3 I3 o 333
57 gy, AN Holx} o] TR, I3 293 3
o) BN AT F B v} 5 vhol2zsl 934 2E 3500
R R A s EREL S
=% Y33} 2E ABYAEH 3 AolA Yol 5 A el ojop]

o o

It

WY 23 07 S, S8, 3308, YA 343 A 2AH 3R
A3 d7e), o) dsaw P Fo) FIFUY ASe), ALY V&E 2
Waa 9% FH0, W B 4w 33S 22T VI 33 57 99
1595 39 22 Yeka A

2oz AR} g4o2 A% 3HFAY AAskd APAFA oJwu, ohwix,
Fool 2 x FA VS0l B A vk Ao FAS 4HFAH
293 HFA 2 opix, 2793 $A, NS WHF) Aok Wl T W3
W o) zhe BT WY,

- 44 -



	제 1 장 서  론
	1.1 연구배경
	1.2 연구목적

	제 2 장 PCB 기판에서의 EMI 문제
	2.1 EMI 발생 Mechanisms
	2.2 근역장과 원역장
	2.3 PCB 기판에서의 Radiation 원인

	제 3 장 PCB 기판에서의 Radiation 저감
	3.1 PCB상에서의 Radiation 시물레이션
	3.2 일반적인 PCB상에서의 Radiation 저감
	3.3 2 Capacitor를 이용한 Radiation 저감

	제 4 장 실험 결과 및 고찰
	4.1 Radiation 측정시스템(EMV-200)
	4.2 PCB에서의 Radiation 측정
	4.3 1-Capacitor를 이용한 Radiation 측정
	4.4 1-Capacitor의 취부위치에 따른 Radiation 측정
	4.5 2-Capacitor를 이용한 Radiation 측정

	제 5 장 결 론
	참고문헌

